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I. INTRODUCTION
Macroeconomic theory and empirical evidence show that uncertainty has important effects on macroeconomic performance (i.e. economic growth, saving and investment).
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In particular, saving behaviour and current account balances in emerging markets are affected in very different ways depending on the type of shocks (i.e. temporary versus permanent). This phenomenon is particularly pervasive among commodity exporters, where high levels of volatility and uncertainty are common. 3 However, most of the economic literature explaining saving behaviour in emerging markets has not focused on studying the relationship between uncertainty about the nature of shocks and optimal saving levels. Thus, a comprehensive understanding, a more realistic characterization of uncertainty, and its effects on economic performance and saving behaviour, are all still unexplored issues in the profession. The main contribution of our paper is to fill this gap in the literature by providing a standard small open economy model that explicitly allows for this type of uncertainty.
The behaviour of commodity prices constitutes also an econometric "puzzle" still unresolved.
The empirical evidence presented below shows that "regime" changes (i.e., changes in parameters characterizing the underlying stochastic process such as persistence and/or volatility of innovations) in commodity prices are frequent and sizable. They are subject to large and unexpected fluctuations, and it is difficult to identify the statistical properties of the time-series (in particular, whether they are stationary or non-stationary processes). In this paper, we show some relevant features related to persistence of shocks and regime switches in these time series, using a sample of sixty two commodities over fifty years from IMF's International Financial Statistics.
Our model then builds on these facts and explores the optimal savings decisions in a small open economy where the representative agent is subject to uncertainty with respect to the regime in which commodity prices currently are (i.e., low persistence or high persistence regime). We assume that the agent knows the underlying law of motion between regimes and uses Bayesian learning to predict the state of the economy. Our main interest is to examine how optimal saving decisions are affected by this additional level of uncertainty.
Recent research shows that certain aspects of business cycles in developing countries are very different from business cycles in industrialized countries. 4 In particular for commodity exporters, the persistence of shocks is very relevant because the implications in terms of the required economic adjustment (i.e. fiscal and external balances) and optimal saving levels are potentially very different. There are many countries in which the business cycle is mainly driven by fluctuations in commodity prices. Furthermore, this is also relevant from a fiscal point of view, given that fiscal revenues, royalties or direct income from state-owned enterprises are large in many developing countries. It is not accidental that Chile (the largest copper exporter in the world) has developed a structural balance rule that especially tries to identify transitory copper windfalls and save them for "rainy days". The present paper presents a framework to better understand these challenges from an analytical viewpoint.
One key element when studying optimal saving behaviour in emerging markets is to take into account the possibility of uncertainty about the type of shocks and regime changes (i.e., whether the economy is in a state of high or low persistence of shocks, and whether the economy is in a high or low volatility state). To be clear, we will refer to "the current regime" of commodity prices, as the one associated to a particular stochastic process, and to Markov switching between alternative regimes, as the process which allows switches in persistence and/or volatility of innovations. In terms of persistence of shocks, basic open macroeconomic principles (see e.g. Chapter 2 in Obstfeld and Rogoff, 1996) establish that a small open economy should finance temporary shocks and adjust to permanent shocks. However, these models in general are based on a perfect foresight environment where uncertainty does not play any relevant role in terms of optimal decision rules of economic agents. But uncertainty is definitely relevant due to its effect on optimal decisions and the importance of precautionary savings. Models with uncertainty have been used to study the consequences of considering alternative stochastic processes but always with complete information about their statistical properties and without considering neither variation in persistence nor volatility over time. The most commonly used process to introduce uncertainty in DSGE models is a first-order autoregressive process with a given persistence and a given variance for the innovations. This means that shocks are not only, always transitory, but also, that the variance of the innovations is exactly the same across time.
It is well understood that differences in the stochastic process characterising uncertainty can have different effects on the level of optimal savings as well as other macroeconomic variables and their cycles. The goal of this paper is to explore what are the consequences of explicitly considering that the current regime of the economy is uncertain and that it can change over time. In other words, we explicitly introduce uncertainty about whether the persistence of shocks is high or low and potentially also changes the level of uncertainty, at each point in time. To capture changes in persistence across time, we use a particular stochastic process in an otherwise standard small open economy model. We will study two alternative processes with different characteristics about their stationarity properties in order to assess how uncertainty about shocks being temporary or permanent affects optimal saving levels. In this way we introduce an additional layer of uncertainty which is precisely uncertainty not only about the particular realization of the shock (usual source of uncertainty), but also about the process (i.e., the nature of shocks).
Our framework constitutes a normative tool suitable to assess optimal saving behaviour in a realistic environment in which agents never know the "true" persistence of shocks. Following Reinhart and Wickham (1994) : "…the key is how shocks are perceived by agents." In our model, agents use a learning technology which enables them to infer probabilities for the economy being in one regime or the other. To the best of our knowledge, this is the first study providing a simple theoretical framework to analyse how uncertainty about changes in persistence of shocks over time affect optimal saving levels. It has the advantage of being comparable with the standard DSGE model for a small open economy and constitutes a first step in the direction of understanding how this type of uncertainty affects saving levels and external balances of small open economies. In principle, taking into account this type of uncertainty is important for commodity exporters and seems to be the appropriate basic setup to think about optimal policy in the presence of realistic shock processes and informational frictions.
There is a vast empirical literature about commodity prices which has uncovered some stylized facts about their behaviour. Deaton and Laroque (1992) emphasise the existence of rare but large explosions in prices coupled with high degrees of persistence in more normal times. Grilli and Yang (1998) as well as Reinhart and Wickam (1994) argue that most commodity prices (in real terms) have a tendency to trend down in the long run. Leon and Soto (1995) claim that shocks to commodity prices exhibit relatively low persistence and there is room for stabilisation mechanisms (i.e. commodity stabilisation funds). On the other hand, Cashin et al (1999) present evidence supporting the existence of long lasting commodity price shocks and therefore argue that the costs of stabilisation funds might offset their benefits. Engel and Valdes (2001) conclude that there is no conclusive econometric evidence about processes with temporary or permanent shocks to better characterize copper prices. A good summary of these stylized facts can be found in Deaton (1999) .
It has proven to be extremely difficult to characterize the long run as well as the short run behaviour of commodity prices. One of the reasons is that it is almost impossible that the persistence and volatility of the shocks be the same in 1930 and in 1995, no matter what commodity are we talking about. Another important reason is the fact that these prices exhibit large and unexpected swings even in the short run (Cashin et. al, 1999) . Therefore, given that shocks cannot always be transitory or permanent a single data generating process (i.e., an AR1) would in principle be unable to provide a good characterization of the actual behaviour of commodity prices.
In terms of related theoretical studies, Deaton (1991) and Carroll (2008) provide theoretical foundations to appropriately write and define a particular type of dynamic stochastic problem in which, at least, one of the variables is not stationary. These studies focus on uncertainty and precautionary savings and provide the necessary tools to formulate and then solve a model with permanent shocks. Ghosh and Ostry (1994) develop a precautionary savings model to study export instability and the external balance in developing countries. They explore the implications of changes in the variance of export earning shocks and analyze how this type of uncertainty affects optimal saving levels and the external balance. Our model builds on this literature but considers an additional layer of uncertainty with respect to the type of stochastic process that drives commodity prices, allowing for changes over time in the persistence of shocks and their volatility. Aguiar and Gopinath (2007) consider a model in which shocks "hitting" the economy have a trend and a cycle component. They match two business cycle facts of emerging markets that are difficult to match with the standard small open economy models (e.g. Mendoza, 1991) countercyclical trade balances and a higher volatility of consumption versus output. The authors argue that this is due to the prevalence of trend shocks. A related paper that incorporates learning about the trend and cycle components is Boz et al (2008) . They show that once learning is included in the model, the prevalence of trend shocks is no longer needed. Van Nieuwerburgh and Veldkamp (2006) propose an explanation about how is the transition between booms and busts based on agents learning about productivity. They use a Bayesian filter to forecast the future realization of productivity. Boz (2009) also uses informational frictions as an explanation to emerging market crisis, and has the exact same device (learning about productivity) as van Nieuwerburgh and Veldkamp.
These papers have in common that the uncertainty is about decomposing total factor productivity shocks into permanent and transitory components. And the problem with their approach is that they focus on productivity shocks, about which there is some controversy in the profession. In contrast, uncertainty in our paper is about the underlying parameters, regimes or structure that is driving commodity prices. In this respect, our approach is more realistic, since commodity shocks are easier to observe. We allow autocorrelation coefficients of shocks and their variance to change over time rather than having a signal extraction problem regarding different realizations of shocks. This set-up is more relevant for commodity prices where -as we show in section II -regime switching between high and low volatility periods and changes in the persistence describe the statistical properties of the underlying stochastic process better than a "trend plus cycle" model with fixed parameters.
To study the effects of this type of uncertainty on saving behaviour in the simplest possible way, we will consider the standard DSGE small open economy model with a one-good endowment, adding two features. First, we will explicitly consider informational frictions. Second, we will consider two alternative stochastic processes, different from the standard AR1 commonly used in the literature. In particular, we study two alternative specifications to characterise and introduce uncertainty in the model. We first consider a stationary stochastic process (AR1 with regime switching) and then a non-stationary process.
The remainder of the paper is structured as follows. The next section presents empirical evidence on time varying persistence and volatility for sixty two commodity prices. In section III, we present the model economies. Section IV presents the quantitative analysis and the solution method. Section V discusses the main results. Section VI describes the policy implications. Finally, section VII concludes.
II. COMMODITY PRICES
This section presents the most salient features about commodity prices acknowledging that both permanent and transitory components are potentially present and may be time varying. We consider a sample of 58 annual commodity price time series 5 over fifty years from the IMF's International Financial Statistics. All original prices are in nominal US dollars, which we deflate by the US CPI. As standard unit root tests have very low power, whether commodity prices are better characterized by stationary or non-stationary processes is still an unresolved question which we do not directly address. Table A .1 in the appendix shows that the moments for commodity prices do vary significantly over time. This is a first indication of time variation in persistence and volatility in commodity prices.
Following as similar approach as Reinhart and Wickham (1994) , as we are also interested in looking at the behaviour of trends and variances for each commodity across time, we show that the permanent shocks are present (and fluctuate over time) in every commodity considered in our sample (Table A. 2 and Figure A .1 in the appendix). Furthermore, decomposing the total volatility for the price of each commodity, into a permanent and a transitory component, we are able to disentangle their relative importance. Figure A .1 shows also that there is a distinct difference between soft commodities (like food and beverages) and non-reproducible industrial inputs, oil, or metals and ores. While the first tend to exhibit a downward trend, as Reinhart and Wickham (1994) also argue, the second group either does not exhibit a trend with most commodities presenting an upward trend in recent years. Regarding the behaviour of the variances of the series, we show that there are substantial changes ( Figure A .2 in the appendix) across time in all commodity prices in our sample.
To study the permanent and cyclical components of commodity prices we decompose the series in two parts (trend and cycle) using the Hodrick-Prescott filter with a smoothing parameter equal to 100. Figure A .1 shows that despite the heterogeneity among different commodities, there is one common characteristic among all. Trends change a lot over time, and this feature is present in every commodity considered in our sample.
How much of the total volatility is due to the permanent component? To address this issue, we use Cochrane's (1988) methodology to quantify the importance of permanent shocks. Specifically, suppose the variable p t has the following representation:
If α=1 and the disturbance term is white noise, then p t follows a random walk and the variance of its k-differences grows linearly with the lag difference:
var .
If α < 1, p t is a stationary process and the variance of its k-differences is given by:
Therefore, the variance ratio is equal to one if p t is a random walk. If p t is stationary, all shocks will eventually die out, hence the variance ratio will converge to zero. If p t is a general I(1) process, which has both permanent and transitory (stationary) components, then the ratio will converge to the ratio of the variance of the permanent shock to the total variance of the process. Therefore, the closer that ratio is to unity, the larger is the size of the unit root component and the lower is the relative weight of the temporary shocks. years. There is substantial heterogeneity, but despite the different magnitudes, it is worth mentioning that the permanent component accounts for more than 30 percent of total volatility for thirteen commodities in the sample. Examples of this are coffee, iron ore, petroleum and tin, which seem to have substantial trend shocks over time. Despite the differences and relative importance of each component in each commodity, it is easy to see that permanent shocks are always present and can be a significant part of overall volatility in many cases.
To study the behaviour of the cyclical component, 6 we explore if there is any evidence of "parameter instability" over time. We want to evaluate if there is any evidence of time variation in persistence and volatility of innovations coming from the cyclical component of commodity prices. It is not our aim to determine what factors are causing these switches nor to identify or link particular episodes or states to exogenous variables causing this behaviour. The objective here is to see if this regime switching happens for a wide variety of commodities, as the cyclical component of their prices appears to have different persistence and volatility of innovations over time.
We analyse the behaviour of the cyclical component of commodity prices over time estimating a Markov switching regime model a-la Hamilton (1989) . For simplicity, we allow only two possible states for the parameters of the process. In particular, the two alternative models are the following. First, the Markov switching model is given by:
Notice that in this model we allow the mean (μ t ), the persistence (ρ t ), and the volatility of the innovations (σ t ) to change over time. To keep it simple we will only allow two possible values for each parameter. So we estimated a 2-state Markov switching regime model. An alternative way to present this model is as follows:
where for some periods s t is an indicator function with a transition probability matrix given by:
Thus, we estimate 8 parameters:
, m 11 , and m 22 .
Second, we estimate a standard AR(1) given by:
,
where ~ 0, , such that the mean, the persistence and volatility of innovations are fixed over time.
We select forty four commodities for which we have sufficiently long monthly observations (Table A .3 in the appendix) from the IMF's International Financial Statistics database to conduct our estimations. We use monthly data in order to have more observations.
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The time range considered is 1957M1-2008M12. The cyclical component is obtained using the Hodrick-Prescott filter to de-trend the series, with a smooth parameter equal to 129,600 (following Ravn and Uhlig, 2002) .
As shown in Table A .3, the results indicate that for twenty-eight of these commodities, the estimated Markov switching model is a good characterization of its cyclical behaviour. For the other commodities it is often the case that one or more coefficients (out of ten), were not statistically significant in the estimation, so we excluded them from the comparison. What is even more interesting is that for all these commodities the estimated model is undoubtedly superior (provides a better fit) than a standard AR1 model. The criterion to determine which of these two econometric models was better to characterise cyclical movements in commodity prices was to compare the log likelihood for each model and conduct the likelihood ratio test to check that these differences are statistically significant. Thus, the results of the estimation indicate that the regime switching approach seems to be a better characterisation compared to the widely used first order autoregressive model. It is important to emphasise that we are not claiming that this econometric model is the best among all possible models to characterize commodity prices. We just show that a model that allows regime switching in persistence and volatility seems to be more favoured by the data than the usual AR1 model. The intuition for this is that it allows more flexibility compared to other processes where persistence and volatility can only assume one particular constant value over time. Given our estimation results we conclude that there is evidence of time variation in persistence and volatility in the cyclical component of many commodity prices.
From this section, we conclude that there seems to be fluctuations in deep parameters of commodity price series over time. In particular, the evidence suggests the existence of sizable changes in both, persistence and volatility.
III. MODEL ECONOMIES

A. Stationary Model
We consider a simple dynamic stochastic general equilibrium (DSGE) model of a small open economy. There is one tradable good (i.e., commodity GDP) which can be sold in international markets at a given price. We consider a constant endowment of non-commodity GDP, for calibration purposes as explained below. The price of the tradable good is the only source of uncertainty in our model economy. The representative agent can borrow and lend in international capital markets at a time-invariant real interest rate. Markets are incomplete, such that the only financial instrument available is a one-period non-contingent bond that pays the world's real interest rate. We start considering the simplest possible model where the price of the commodity follows a stationary AR(1) process and will use it as our benchmark. We then extend this model to incorporate two additional features.
First, the price is stochastic and is a combination of two stochastic processes, each of these, with different persistence and volatility. Second, we introduce informational frictions. To be precise, we will consider process uncertainty. The representative agent observes the actual realization of the commodity price, but she doesn't know the true properties (i.e., mean, persistence and standard deviation) of the process which generated it. Within every regime, we have the standard uncertainty of which particular shock hits the economy each period.
Suppose, to simplify, that there are only two states of the world (A and B). Each of these is characterized by a given distribution with well defined moments. 8 We will first analyse how net foreign asset positions should be in this world, compared to the benchmark. Then we will add an extra layer of complication in order to analyze optimal debt levels under process uncertainty. Given this informational friction, the agent solves a learning problem. Using a Bayesian learning technology, she is updates beliefs and infers probabilities for the price coming from each of the possible distributions. At the beginning of every period, the agent observes the realization of the price, updates her beliefs, and infers the corresponding probabilities for each possible distribution. Then, she chooses consumption and the level of net foreign assets she wants to hold.
The representative agent's preferences are given by: ,
where θ is the coefficient of relative risk aversion. The agent maximizes the expected present discounted value of utility subject to the following resource constraint:
where , Y and denote consumption, the commodity endowment and the net foreign asset position in period t, respectively; while 1 , where is the world real interest rate, which is assumed to be given and constant. The parameter is the endowment of commodity goods available in the economy, while is the non-commodity GDP, which is also assumed to be constant. We introduce this parameter only for our quantitative analysis to calibrate the share of commodity GDP in total GDP. For our benchmark model, the stochastic process for the commodity price is given by:
, where μ and ρ are both constant over time, and the error terms (ε t ) is assumed to be i.
The first non standard feature that we will consider is "parameter instability" or time variation in persistence and volatility of the innovations. To this end we will consider the following stochastic process for the price:
where now μ t and ρ t are both allowed to change over time, while ε t is assumed to be i.i.d. normal N(0, ), such that the volatility of innovations is also allowed to change over time. To keep it simple we will only assume two possible stationary processes.
where both | | 1 and | | 1, ~ 0, and ~ 0, are both i.i.d., and s t is an unobserved "latent" variable which evolves according to an exogenous stationary Markov process.
B. Learning Problem
There are two "types" of uncertainty. First, there is process uncertainty. This means that shocks can be generated by distribution A or distribution B at each moment in time, and second, there is the usual uncertainty about the actual realization of the price.
The unobserved "latent" variable s t follows a two state Markov process with transition matrix given by:
which we assume is known by the agent. That is, 0,1 where s t = 1, corresponds to shocks coming from distribution A and s t = 0 corresponds to shocks coming from distribution B. We also assume that the agent knows these distributions with certainty; she knows the mean, persistence and standard deviation of innovations of each possible distribution; what she cannot observe is s t and therefore whether the shock did actually came from A or B. Following Boz (2007) we assume an irreducible Markov chain for the "latent" variable s t , such that all elements are strictly positive and strictly smaller than 1.
At the beginning of each period the agent observes the actual price but do not observe past or present values of the latent variable. Therefore she uses the information revealed by the price to infer the probability of the shock in the current period coming from A or B. Beliefs are defined as:
where is the information set which includes the entire history of realizations of the endowment observed by the agent, given by:
We will refer to this information structure as "imperfect information". The belief ̃ is formed by updating the previous period's belief ̃ using Bayes' rule:
The first probability in the numerator is the probability of observing the price at time t given that the economy is in state s A , while the second is the probability corresponding to ̃ , given the one-to-one mapping between beliefs and probabilities in this set-up. Thus, we have:
Consequently:
We denote the evolution of the agent's beliefs as ̃ ̃ , , . When the agent makes her decisions at date t, t+1 is not known, but its distribution (conditional on ̃ ) is. It is in this way that she can form her expectations about shocks coming from one distribution or the other, using all the information available in period t.
C. Non-stationary Model
In this section we will study a more general process to characterise the evolution of the stochastic price over time. The main motivation behind this process is partly based on section II, and also based on the inconclusive evidence in the empirical literature about the stationarity or non-stationarity of commodity prices. Given these observations, we consider a stochastic process where stationarity can change over time. To be precise, the stochastic process for the price will be stationary during some periods of time and non-stationary during others.
where 0 < ρ < 1 and ~ 0, is independently and identically normally distributed and s t , is an unobserved "latent" variable which evolves according to an exogenous stationary Markov process, as before.
For simplicity, we will assume that both, the mean and the standard deviation of innovations is always the same regardless of whether the process for the price is stationary or nonstationary. This will enable us to focus only on the effects of time varying persistence on optimal saving levels. (10) Since the overall process for the price is a combination of two processes, and given that one of these is non-stationary, the overall process is non-stationary. In order to be able to solve the model, we need to normalize all variables to induce stationarity.
Let
, , , with . Therefore, after de-trending, the resource constraint becomes: ,
where is given by:
Now, the sequential problem for the agent is:
subject to equation (11). is the expectations operator with respect to the process/regime, while is the expectations operator with respect to the particular realisation of the endowment. The first order conditions for the competitive equilibrium are:
which combined yield the Euler equation:
which has the usual interpretation. The marginal benefit of saving an additional unit of the endowment is equal to the marginal cost of not consuming that unit. The expectation on the right-hand side can be written as:
such that it is a weighted average of the expectations under transitory shocks(AR1) and permanent shocks (UR process).
Definition:
A competitive equilibrium is given by allocations , , ̃ , , , ̃ , such that:
(i) Agents maximise expected utility (13) subject to their budget constraint (11).
(ii) Goods and assets markets clear.
IV. QUANTITATIVE ANALYSIS
A. Computation Stationary case
The recursive representation of the agent's problem is:
subject to:
The solution algorithm includes the following steps:
1. Discretise the state space. We use 200 equally spaced nodes for B, 5 grid points for the price and 20 equally spaced nodes for ̃ . 2. Evaluate the evolution of beliefs ̃ ̃ , , using equations (7) - (9). 3. Solve the dynamic programming problem described in (14) using value function iterations in order to get , , ̃ , , , ̃ .
Non-stationary case
where F(.) and G(.) are the stationary and non-stationary distributions for the endowment respectively, p S and p NS are the conditional probabilities for the distribution being stationary and non-stationary respectively.
1. Discretise the state space. We use 200 equally spaced nodes for assets, 5 grid points for the commodity price, and 20 equally spaced nodes for the latent state variable. To discretise the stationary and non-stationary stochastic processes we use Tauchen's (1986) method. 2. Evaluate the evolution of beliefs ̃ ̃ , , using equations (7) - (9). 3. Solve the dynamic programming problem described in (15) using value function iterations in order to get , , ̃ , , , ̃ .
B. Calibration
For the stationary model, we will use data for copper prices and the Chilean economy. For preferences and the risk free interest rate we use standard parameters in the literature. The stochastic process (AR(1) in this case) is estimated using data from the IMF International Financial Statistics (IFS). Since we divide total GDP in commodity GDP and non-commodity GDP, we will use a parameter A to calibrate the share of copper GDP in total GDP. On average, between 1993 and 2009, copper has accounted for around 7 percent of total GDP. The resulting parameters are presented in Table 1 . Table 2 shows the parameters for the stationary model with time varying parameters. These correspond to our estimation results of a regime switching AR(1) model. For simplicity, we allow the mean, the persistence and the volatility of innovations to take two possible values over time. The share of copper GDP in total GDP continues to be 7 percent, in order to make it comparable to the benchmark. For the discount rate, the risk free interest rate and the coefficient of relative risk aversion, we use standard values used in the literature. For the switching model between a stationary and non-stationary model we calibrate both the benchmark and the more general model to Mexico and oil prices. For the Benchmark model we use the parameter A to match the share of oil GDP in total GDP, which is also around 7 percent for the Mexican economy. We choose the persistence and volatility of innovations for the price process in order to match the actual volatility and persistence of petroleum prices. Table 3 shows the resulting parameters for the AR1 benchmark model. For the non-stationary model with permanent and transitory shocks, the non-stationary part has a unit root by construction. We choose the persistence and the volatility of innovations of the stationary part, as well as the transition matrix (between the stationary and non-stationary parts) to match the actual persistence and volatility in petroleum prices. For simplicity, and also to isolate the effect of persistence, we assume that the volatility of innovations of the stationary part and the non-stationary parts are exactly the same. The share of petroleum GDP in total GDP continues to be 7 percent. The parameters are shown in Table 4 . 
V. RESULTS
In this section we present and explain the main results obtained for each of the two models described above. Our main interest is to study how "parameter instability" affects optimal saving levels. The non-stationary model can be viewed as a case in which the economy faces both permanent and transitory shocks and our interest is to assess how the presence of this alternating stochastic process between temporary and permanent shocks affects optimal average assets holdings.
A. Stationary Model
In Table 5 , we present the moments for the AR1 model with perfect information. In this case, all the results of the standard small open economy textbook model hold. First, consumption volatility is smaller than total output volatility. Second, there is a positive correlation between total output and consumption. Third, the correlation between assets holdings and output is positive. This means that in "good times" the economy is saving and in "bad times" it is dissaving, due to the consumption smoothing motive. Fourth, the correlation between output and the current account (CA) is positive. And fifth, on average, the CA is zero, which means that debts are always repaid. Notice also that total output is uncertain, and consumers are prudent (Kimball, 1990) , therefore they have a precautionary motive to save. This basically implies saving for a rainy day. It is important to highlight the fact that there are two main motives to save. First, the consumption smoothing motive because consumers are risk averse and want to smooth consumption over time. Second, there is a precautionary savings motive because consumers are prudent.
9 Let us consider now the model with parameter instability, meaning that the mean, the persistence and the volatility of innovations are time varying, with the parameters of Table 2 . Table 6 shows the corresponding moments for the case where the agents have perfect information with respect to the regime in which the economy currently is. The first and most important difference with the benchmark is that in this case, average assets holdings are higher (i.e., debt is lower). The economy is holding one third of the debt in comparison to the benchmark case. Intuitively, in this world, the representative agent knows that the price follows a stochastic process with parameter instability. This implies that there can be big jumps when there is a change in persistence or volatility. Furthermore, there is uncertainty about when a particular jump is going to take place. The agent knows this and since he is interested in having a smooth consumption path, the optimal thing to do is to accumulate a buffer stock of assets that enables her to save in order to prevent big fluctuations in the optimal consumption path. The rest of the results are qualitatively the same. Consumption volatility is lower than total output volatility. Assets holdings go up in good times and down in bad times, consumption is positively correlated with total output and the current account is pro-cyclical.
Going one step further, we are interested in the effects of process uncertainty on optimal saving levels. Table 7 presents the moments for the case where parameters are the same as those for Table 6 (i.e. parameters correspond to Table 2 ), but there is process/regime uncertainty, such that the agent does not know the true state of the economy. Notice that in this case the level of average assets holdings is more than one and a half times lower than in the case of perfect information. While the debt/GDP ratio under perfect information is 29.3 percent, it is 44.8 percent under imperfect information. At the same time, net foreign assets are higher compared to the benchmark (i.e., the debt/GDP levels is about 6 percentage points lower).
Let us first analyze why under imperfect information the optimal debt level is higher compared to the case of perfect information. When the agent can only observe the shock but does not know from which distribution it is coming from, she needs to form beliefs (with the corresponding associated probabilities) in order to infer the distribution which generated the observed realization of the price. These beliefs (and probabilities) are used to form expectations which are in turn used to decide the amount of net foreign assets to hold. Intuitively, one could identify two effects. On the one hand, the fact of not knowing for sure where the observed realization is coming from (and because of the way beliefs are formed) makes the agent behave as if it were coming from the average between the two possible distributions. It is as if the economy were facing a process characterized by the average mean, persistence and volatility of innovations. On the other hand, there is an additional effect which would in principle induce agents to save more, and this is the process uncertainty effect. It turns out that the effect of the former is bigger than the latter. The rest of the moments are qualitatively similar as under perfect information and the benchmark.
B. Stationary/Non-stationary Regime Switching Model
For the case where the commodity price can alter between a stationary and a non-stationary regime, the exercise will be to establish a benchmark -in this case for the case of oil in the Mexican economy -and then look at the effects of considering a more general process, with particular focus on average assets holdings levels. The resulting moments are presented in Table 8 . For this benchmark model the results are qualitatively the same as for the case of Chile. Notice however that a key assumption here is that oil prices are stationary (i.e., they are characterized by a first order autoregressive process). Consider now the model in which the process is allowed to be, some periods stationary and some periods non stationary. We can see three striking differences with the benchmark. First, average assets holdings are substantially higher. While under the AR1 assumption the stationary debt-to-GDP ratio is 44.5 percent, under the regime switching model, where the oil price can alter between a stationary and non-stationary regime, average debt-to-GDP is just 5.2 percent, as shown in Table 9 . Second, the difference between consumption and total output volatility are substantially smaller compared to the benchmark. This is not that surprising, given that the correlation between consumption and output is almost 1. Third, the current account is countercyclical. The agent knows that the changes in persistence could have dramatic consequences because in one of the regimes the process is non-stationary. The best forecast as of today that the agent can have, conditional on shocks coming from that process, is today's realization. This induces the agent to save considerably more than in the case in which he always faces temporary shocks. As before, we are also interested in assessing the effects of process uncertainty on optimal saving levels, now under permanent and transitory shocks. The results are presented in Table  10 . Interestingly, there is no effect whatsoever. In other words, process uncertainty is not an issue here and this is due to the low share of Oil GDP in total GDP. But the important result is that regardless of whether there is process uncertainty or not, average assets holdings are ten times higher compared to a model in which oil prices are assumed to be stationary. Thus, under permanent and transitory shocks, process uncertainty is not as relevant as explicitly considering that shocks can be temporary or permanent. 
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VI. SENSITIVITY ANALYSIS
It is interesting to assess whether the direction of the results presented above change if some key parameters change. We will focus our attention in comparing the models with and without process uncertainty (i.e., perfect versus imperfect information) in the non-stationary model presented above. First we check whether saving levels are higher under imperfect information (compared to the case of perfect information) as the share of commodity GDP is higher than 7percent. Second, we check how the transition matrix between the two processes affects average assets holdings.
In order to assess how important is the magnitude of the share of GDP in our results we solved the model for a commodity GDP share of 20 percent and 66 percent. We find that when the share is 20 percent, it makes no difference whether you face process uncertainty or not, average assets holdings are the same.
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As Table 11 shows, for a share of 66 percent
11
, it happens that savings are higher under process uncertainty. This seems to suggest that when the proportion of output which is volatile is relatively high, then process uncertainty can (and should) matter a lot. The level of debt under perfect information is 12 percent higher compared to the case of process uncertainty. With respect to the transition matrix between regimes, it is easy to argue that for small shares of commodity GDP, it does affect average assets holdings, such that there is no difference between facing process uncertainty or perfect information (just compare the tables presented in the last section with the ones presented below). But for relatively high shares of commodity GDP, there are two interesting results (see Table 12 ). First, a transition matrix with all its elements equal to 0.5 provides no information at all about whether shocks are temporary or permanent, therefore we observe that for both perfect and imperfect information cases assets go up (i.e., debt go down). Second, it is always the case that under process uncertainty, average assets holdings are higher compared to the perfect info case. For a share of 66 percent, the debt level under perfect information is 42 percent higher compared to the case of process uncertainty. The transition matrix in the tables below has all its elements equal to 0.5. 
VII. POLICY IMPLICATIONS
In a small open economy which chooses consumption levels and assets/debt positions across time in an optimizing framework, taking explicitly into account the existence of "parameter instability" seems to be crucial to determine optimal debt levels. Identification of temporary and permanent shocks poses serious challenges for policy makers because optimal reactions in terms of consumption/saving levels are completely different. For a small open economy with access to international capital markets, it is optimal to finance temporary shocks and adjust to permanent shocks.
The results of our simulations indicate that policy makers should be cautious when choosing policy rules. There has been a big debate regarding fiscal policy rules, both in policy and academic circles, with mixed experiences. The case of Chile, with the copper stabilization fund and the explicit fiscal rule is a successful example of countercyclical fiscal policy in Latin America. In terms of the model presented above, one could think about optimal fiscal policy financed with external debt, as has been the case in many developing countries. Setting a particular target level for external debt, a debt ceiling, or a balanced budget rule is not optimal. On the contrary, an optimal rule should be based first, on the current level of external debt, second, the state of the economy (i.e. good times or bad times) and third, the policy maker's "beliefs" about the state of the economy or the policy maker's "beliefs" about the persistence of shocks at a particular point in time. In other words, optimal fiscal rules should be state contingent and should put some kind of weights, or probabilities of regime shifts that make current price levels more or less permanent, as well as more volatile. It would be a big mistake to "take a stand", and assume, for simplicity, that prices follows a simple process and that there are no regime switches.
Moreover, wrong perceptions (or assumptions) about the nature of the process could lead to substantial over or under spending with the associated high or (unnecessarily) low levels of debt.
In practice, though, state contingent policy rules are difficult to implement because oftentimes they are hard to explain to politicians, congressmen, or the public in general. They are also costly, because they imply continuous monitoring and assessments of the state of the economy and commodity prices, as well as continuous forecasting and prediction about output gaps or persistence and volatility of the relevant stochastic process (i.e. commodity prices) driving economic fluctuations. In spite of this, and given actual uncertainty about the true stochastic process, we want to emphasise that forecasts or predictions are important and necessary in order to set and implement sensible saving or debt rules over time. This, of course, has immediate consequences on consumption volatility, which is an important concern in many developing countries.
In terms of commodities stabilization funds, the model suggests some room for them, since accumulating a buffer stock of foreign assets can help stabilize economic fluctuations over time and therefore increase welfare.
VIII. CONCLUSIONS
In this paper, we have shown that trends in commodity prices change over time for almost all commodities considered in our sample. At the same time, the volatility of commodity prices also displays substantial changes over time. Furthermore, to assess the relative importance of parameter instability and process uncertainty, we showed that the permanent component in commodity prices can, in some cases, account for more than half of the total volatility. Regarding the cyclical (transitory) component, we estimated a Markov switching model and found that it can better fit the data compared to the standard AR(1) model, usually used in the literature. Based on these findings, we build a dynamic stochastic general equilibrium model with parameter instability and informational frictions to explicitly capture uncertainty about the underlying process in terms of persistence and volatility. This model has two particular features compared to the standard intertemporal model for a small open economy.
First, we explicitly model changes in persistence of shocks across time. This adds an extra layer of uncertainty (i.e., process uncertainty) on top of the standard one, regarding the particular realization of the shock. Second, agents have a learning technology and use it to infer probabilities about the nature of the process. In this way they form the appropriate expectations and are able to choose optimally, how much to borrow/lend and therefore how much to consume over time. We focus our attention in assessing first, how this model compares to the standard textbook model of a small open economy and second, the effects of process uncertainty on optimal saving (debt) levels. We show that parameter instability in the stochastic process implies that optimal saving levels (debt holdings) should be higher (lower) compared to a process with fixed parameters. Imperfect information about the stochastic process matters when commodity GDP shares are high, therefore informational frictions (i.e., imperfect information) imply that optimal saving (debt) levels should be higher (lower) compared to the perfect information case.
If policymakers suffer from "misperception", they will use inappropriate policy rules. They will under/over save compared to the case in which they acknowledge the existence of differences in the regime of the stochastic process of commodity prices. The consequences of misperception can be devastating for commodity exporters. They could end up overspending and accumulating high (and often times unsustainable) levels of debt, and this could eventually create other problems like pro-cyclical fiscal spending and default. On the other extreme they could end up over-saving with the associated and forgone opportunity cost of funds. Either extreme is dangerous and that is why it is important to take into account process uncertainty at the time of making saving and spending decisions at government levels. This type of uncertainty can also have major effects on the fiscal and external balances and that is precisely why it is important to incorporate it when thinking about optimal policy. 
IX. APPENDIX
